Feeding management of laying hens has been focused on the direct influence of nutrient intake on weight gain, especially at growing phase. This study evaluates nutrient digestibility, performance, development of the digestive tract, body composition, and bone quality of two strains of laying hens fed with different levels of neutral detergent fiber (NDF) during the growing phase from the 7 th to the 12 th week of age. A total of 1,296 birds were distributed in a completely randomized design in a 2 x 3 factorial arrangement (two strains x three levels of NDF) with four replicates of 54 birds per treatment. Semi-heavy (Hy Line Brown) and light-strain (Lohman LSL) pullets were allotted to dietary treatments consisting of 14.50, 16.50, and 18.50% NDF. An interaction between strains and NDF levels was observed only for feed/gain ratio and light-strain pullets had lower performance with 18.50% NDF. The increasing levels of NDF in the diet reduced the coefficients of digestibility of dry matter, nitrogen and gross energy, and the values of metabolizable energy. Higher levels of NDF in the diet increased the relative weight of liver and intestines and reduced gizzard weight. It was also observed differences between bone quality and composition of the femur and tibia of light and semiheavy hens. The increase in NDF level in ration for growing phase laying hens above 14.50% decreases the nutrient digestibility and the metabolizable energy of the diet; however, it does not affect the carcass composition, bone quality, feed intake, and weight gain, although it may impair feed conversion of light-strain pullets.
INTRODUCTION
Although there are different genetic strains for commercial production of eggs, it is agreed that the quality of pullets at the end of the growing phase is critical for the performance of laying hens. Thus, the growing period should have nutritional objectives aimed at producing healthy birds with an ideal body weight, ready to produce at the expected age for a specific commercial strain. Commonly, a variable number of diets are used in feeding programs for growing laying hens, differing in the reduction of nutrient levels as the bird grows. Thus, it is possible to add fibrous feeds, such as wheat bran, to diets offered to hens in order to maintain the low energy density of the diet, thereby avoiding excessive weight gain.
With regard to the fiber content in poultry diets, it has been traditionally recommended to provide the young birds with low fiber diets, since at high amounts there is Ciênc. Agrotec., Lavras, v.38, n. 2, p.188-198, mar./abr., 2014 a decrease in energy ingestion, an increase in the transit speed of digesta, and a reduction in nutrient digestibility (Mateos et al., 2012) , impairing the performance of the birds. Furthermore, Rath et al. (2000) reported that higher levels of fiber in poultry diets can reduce absorption of calcium in the intestine, resulting in blood hypocalcemia, which may contribute to a reduction of bone development and bone strength. However, some studies have suggested that moderate inclusion of fiber in diet may have benefits in the development of the digestive tract and feed efficiency during the growing phase of birds (Mateos et al., 2012) .
Several methods have been used to quantify the fiber fraction of feedstuffs, such as the raw fiber by Weende method, neutral detergent fiber (NDF), and acid detergent fiber (ADF). However, Jeraci and Van Soest (1990) considered that the NDF can be an important measure for the characterization of fiber in poultry feed compared to the other two. Historically, the establishment of a proper definition for dietary fiber present in poultry feed has been based on finding a balance between the nutritional importance and availability of suitable analytical methods with a clear trend to adapt the definition to the existing analysis procedures and not the effects of the fiber fractions on the physiology and health of the gastrointestinal tract (Mateos et al., 2012) .
By assessing the literature, it was noted that little attention has been given to the effects of the amount of fiber in diets of growing laying hens. Therefore, the objective of this study was to evaluate the effects of increasing levels of neutral detergent fiber (NDF) in laying hen diets of two strains during the growing phase on the dietary nutrient digestibility, performance, development of the digestive tract, body composition, and bone quality.
MATERIAL AND METHODS
A total of 1600 one-day-old chicks from two strains were raised to conduct the experiment, divided into semiheavy (Hy Line Brown) and light (Lohman LSL) strains. In the initial phase (up to 6 weeks of age), the birds were kept on a deep-litter floor and managed according to the phase recommendations of each strain. In addition, chicks were vaccinated according to the regional vaccination program routine. After the 6th week, the birds were weighed and selected to obtain experimental plots with average weight within each strain. After selection, 1296 birds aged from 7 to 12 weeks of age were distributed into a completely randomized design in a 2 x 3 factorial arrangement (two strains x three levels of NDF), amounting 6 treatments and four replicates with 54 birds each. Dietary treatments consisted of 14.50, 16.50 and 18.50% of NDF levels. The birds were housed in wire-mesh rearing cages (50 cm x 50 cm x 45 cm), with a gutter-type feeder and nipple drinker. The total of 54 birds of each replicate was divided according to the capacity of the cage (nine birds/cage), totaling six cages per replicate. The experimental diets (Table 1) were formulated to be isonutrient, except for the level of NDF, according to the commercial management guide. On the basis of the similarity of the nutritional requirements for the strains used, the same diet was used for both.
During the experimental period, birds were fed ad libitum. To evaluate the performance, birds, diets and leftovers were weighed to determine the final weight of birds, weight gain, accumulated intake and feed conversion.
Nutrient digestibility of diets was determined in a metabolism trial, using the method of total excreta collection. The assay was conducted during the performance assay, between the 11 th and 12 th week of age and lasted four days. The collections of excreta per cage were done twice daily (8:00am and 4:00pm) and stored in an identified container. At the end of the experimental period, a composite sample of excreta per cage was obtained. Feed intake and total excreta production per cage were determined to determine the nutrient digestibility and energy metabolizability of diets. Samples of diets and excreta were analyzed for dry matter (DM), nitrogen (N), and ether extract (EE), according to AOAC (2005) . The gross energy was determined in an adiabatic calorimeter bomb (Model 1242, Parr Instruments Co. EUA.). Based on analysis, coefficients of digestibility of dry matter (DMDC), ether extract (EEDC), crude protein (CPDC), and gross energy (GEDC) were calculated. The values of apparent metabolizable energy (AME) and apparent metabolizable energy of diets corrected for nitrogen balance (AMEn) were calculated based on Matterson, Potter and Stutz (1965) .
At 12 weeks of age, four birds per cage with similar average weight of the plot were selected and submitted to 24 hours of fasting and slaughtered. Plucked carcasses were weighed, packed in plastic sheets and frozen in a freezer (-10º C) until processing for analysis. Subsequently, the frozen carcasses were sawn and milled. Samples of carcasses were weighed and placed in a forced air ventilation stove at 55° C for 72 hours for pre-drying and subsequently milled in a ball mill and sent to the laboratory for determination of dry matter (DM), ether extract (EE), crude protein (CP), and mineral matter (MM) according AOAC (2005) . Based on the results, carcass composition of two birds per cage was calculated.
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Two other birds per cage were slaughtered without fasting for the removal of digestive tract organs (gizzard, liver, and intestines), thighs, and drumsticks. Liver, gizzard, intestine and contents were weighed.
After weighing, the pH of gizzard and intestine contents was measured with a pH meter. The weight of digestive tract organs were expressed as a percentage of body weight. To assess bone quality, thighs and drumsticks Ciênc. Agrotec., Lavras, v.38, n. 2, p.188-198, mar./abr., 2014 were identified and frozen in a freezer (-10º C) until processing for analysis. The tibia and femur from the legs were collected, cleaned of soft tissues, and measuring the weight and length. The bone density (mg/mm) was performed using the Seedor index (Seedor, 1991) and strength parameters of resistance and deformity was determined using a mechanical press according to Cruz et al. (2012) . The bones from the right leg were weighed and placed in a forced ventilation oven at 55° C for 72 h, grounded in a ball mill and analyzed for DM, CP, and MM content (AOAC, 2005) .
Data were analyzed using the ANOVA procedure of SAS program (STATISTICAL ANALYSIS SYSTEM, version of 9.2) for a factorial arrangement and means were compared by SNK test at 5% probability.
RESULTS AND DISCUSSION
There was no significant interaction between the factors level of NDF and strain on the determined coefficients of digestibility and metabolizable energy (Table 2) . Regarding the effect of the fiber, it was found that the coefficients of digestibility of dry matter, nitrogen and gross energy, and the values of AME and AMEn decreased as levels of NDF were increased. There was no significant difference between the coefficients of digestibility determined with both strains; however, higher values of AME and AMEn of the diets for semi-heavy birds were found.
The reduction in nutrient digestibility with the addition above 14.50% of NDF in the diet can be associated with adverse effects of an increase in the dietary fiber fraction and the characteristics of the fiber fraction of wheat bran, which was used to achieve the NDF levels. It has been reported in literature that the increase in fiber content in poultry diets may impair nutrient utilization (Bedford; Partridge 2001) . Regarding the use of wheat bran in diets for broilers, Annison and Choct (1991) affirmed this feedstuff increases intestinal viscosity because its fiber fraction is rich in soluble non-starch polysaccharides (NSPs) such as arabinoxylans, which cause a general inhibition of feed digestion affecting digestibility of carbohydrates, fats, and proteins, and these effects are more pronounced in younger birds. Means followed by different letters in the column differ from each other by the SNK test (5%); 1 -Analysis of variance; Ns Nonsignificant; * Significant effect at 5% of probability (P<0.05). DMCD -dry matter coefficient of digestibility; NCD -nitrogen coefficient of digestibility; GECD -Gross energy coefficient of digestibility; EEDC -ether extract coefficient of digestibility; AME -apparent metabolizable energy; AMEn -apparent metabolizable energy correct for nitrogen.
Ciênc. Agrotec., Lavras, v.38, n. 2, p.188-198, mar./abr., 2014 Although no difference between the coefficients of digestibility of diets for semi-heavy and light strains was found, the highest values determined with semi-heavy pullets indicate a higher metabolization of dietary energy, possibly due to the morphophysiological characteristics of the digestive tract of this strain. Uni, Noy and Sklan (1995) observed a greater villus volume, enterocyte density, and enzyme secretion into the duodenum in heavy-strain chicks compared to light-strain chicks. Regarding the performance of pullets, there was a significant interaction among strain and NDF levels only for feed conversion (Table 3) . It was also found that the final average weight, total weight gain, and accumulated feed intake did not vary significantly between assessed levels of NDF, but they significantly differed between strains.
Semi-heavy birds had higher initial and final weights, and weight gain, and had better feed conversion, compared to light-strain pullets. These differences in performance among strains are consistent with the literature, and according to Neme et al. (2006) , due to the growth characteristics imposed by breeding programs used in each strain, since the light-strain laying hens are selected for lower body weight at maturity and that makes these birds have less weight gain than the semi-heavy pullets during the growing phase. In turn, the best feed conversion of semi-heavy birds is due to the increased rate of weight gain of these birds during this stage of the growing period. It was found that the light-strain birds fed a diet containing 18.50% NDF presented a worse feed conversion compared to birds fed 14.50% NDF (Table 4) . Decreasing the metabolizable energy of diets according to dietary levels of NDF and the reduction in nutrient digestibility resulted in reduced feed conversion.
No interaction between the studied factors on the digestive tract variables. (Table 5 ). However, it was found that the size of the liver, gizzard, and intestinal contents varied significantly among the strains and that there were significant differences among the levels of dietary NDF. The NDF level of the diet did not significantly influence the pH of the gizzard content. The higher retention time of the fiber fraction in the gizzard can reduce the pH of the bolus (Hetland et al., 2005) ; although, according to the results, the changes in the level of dietary NDF were insufficient to promote changes in the pH of gizzard content in the present study. The higher liver and intestine weights observed with 18.5% of NDF in the diet can be associated to negative effects of fiber on digestion and absorption of nutrients, and to the fibrous fraction of wheat bran, which may increase intestinal viscosity and change enteric morphology and physiology, thus modifying the passage rate and deregulating hormone function, inducing greater activity of these organs and increasing the relative weight Ciênc. Agrotec., Lavras, v.38, n. 2, p.188-198, mar./abr., 2014 of them. According to Marcato et al. (2010) , the liver is the main metabolic organ of body, thus nutritional factors might interfere its function and the change in size of this organ may be caused by modulation of metabolic activity. Thereby, due to the NSP adsorption capacity by biliar salts, the higher relative liver weight of pullets fed with increasing levels of NDF may occur according to higher activity of this organ.
Although the increased level of NDF in the diet could promote reduction in performance, this practice can bring beneficial effects on the development of digestive tract organs because insoluble fiber plays an important physiological role in the digestive process, interacting with the functions of the intestine (Hetland; Svihus; Choct, 2005) , supporting the hypothesis that the birds might have a requirement for fiber to promote stimulation of the digestive tract.
The light-strain birds showed higher relative liver weight, lower relative weights of gizzard, and less content in the intestine compared to the semi-heavy hens due to changes in the physiological aspects of the birds from breeding programs used in the preparation of each strain. The weight of the liver of laying hens increases in the periods prior to laying (Hazelwood et al., 1986) thus the higher relative liver weight may be associated with the precocity of light laying hens, since the onset of reproductive activity of the females implies an increase in the activity of this organ, due to the reason for effective synthesis of available energy to lipid for yolk formation (Tesfaye et al., 2009 ). The results obtained in this study agree with those obtained by Figueiredo et al. (2002) e Marcato et al. (2010) , who found that commercial strains of broilers with higher metabolic activity showed greater relative liver weight.
For the carcass composition of birds at 12 weeks of age (Table 6) , it was observed that there was no significant interaction between the strain and NDF level on the evaluated parameters. The NDF level in diet did not influence the proportion of dry matter, crude protein, ether extract, or ash in the carcass. However, dry matter, crude protein, and ether extract content varied significantly between strains.
The changes in the body composition of hens, particularly with regard to the relationship between crude protein and fat, occur as they grow older and, therefore, an appropriate body composition has been related to the first physiological signals of the development of the reproductive system (Neme et al., 2006) . Corroborating the results found in the present work, Almasi et al. (2012) also observed that old sire strain of cocks presented low development of muscle tissue compared to the new sire strain, and considering the metabolism activity of both, the elderly strain have continued to develop muscle tissue for a longer period. Similarly, in accordance with the same authors, cocks of recent strains with faster growing deposited more fat compared to elderly strains during the growing phase. Considering that fat deposition is directly proportional to the amount of available energy for synthesis; to maximize the daily deposition of protein and Ciênc. Agrotec., Lavras, v.38, n. 2, p.188-198, mar./abr., 2014 minimize fat deposition is necessary to avoid excessive energy intake. Thus, it has been reported that increasing dietary fiber fraction may decrease the utilization of nutrients and therefore, reduce the metabolizable energy of feed and decrease growth rate of birds (Bedford, 1995) . Thus, because in the present study the diets were formulated to be isonutrient except for NDF and there were no significant differences in feed intake and weight gain by increasing the level of NDF in the diet, it can be stated that the intake and utilization of nutrients are sufficient to ensure deposition of the constituents similar to the constituents of the carcass of the birds, even with the addition of fiber into the diet. The many strains of laying hens may have different deposition rates of chemical components, which will directly influence the body composition of the bird (Gous et al., 1999) . Because the light hens are selected for lower body weight at maturity, these birds reach the mature body weight more quickly than semi-heavy hens since they reach the highest rates of physical development in less time. At sexual maturity, in addition to the proper body weight, birds need an ideal carcass composition because both appear to have an effect on egg weight (Neme et al., 2006) . According to Marcato et al. (2009) , the potential for growth and tissue deposition are influenced by strain, sex, and growth stages, and as the birds grow older, there is naturally more body fat deposition, which is related to the relative maturity while the deposition of lean meat or protein is controlled by genetics.
Evaluating bone quality, no interaction between strain and NDF level was noted (Table 7) . It was observed that the level of NDF in the diet did not significantly influence the growth, quality, or composition of the femur and tibia of pullets at 12 weeks of age. Between the strains, there were significant differences for length, weight, Seedor index, strength, and femur and tibia composition. However, the dry matter and deformity of the bones did not vary significantly. The semi-heavy hens presented larger and heavier femurs, with lower mineral content and reduced bone strength compared to light hens, with no significant difference in dry matter and bone deformity between strains. For the tibia, it was found that the semi-heavy birds displayed significantly heavier and longer bones, with higher Seedor index and bone strength, and lower mineral content than the light birds, with no significant difference in dry matter and bone deformity between strains.
According to Whitehead (2004) , the genetic divergence is well demonstrated in the development and bone quality between strains of hens, and this must be considered in breeding programs today. According to this author, some strains present greater ability to deposit bone mass structure and also larger reticulate in cartilage matrix of bone, leading to an increased breakage of bones resistance. Ciênc. Agrotec., Lavras, v.38, n. 2, p.188-198, mar./abr., 2014 According to Rath et al. (2000) , data from some studies suggest the genetic potential for birds with higher body weight to have larger and stronger bones. Bishop et al. (2000) found that bone strength has a positive correlation with the weight of the birds, indicating that the heavier birds tend to have stronger bones, although sometimes they are not strong enough to withstand the excess weight. These facts justify the larger size and greater weight of the femur and tibia weight and density measured by the Seedor index of semi-heavy birds.
Regarding differences in bone composition of the strains used in this study, they can be attributed to the growth characteristics of each strain. According to Neme et al. (2006) , the white birds are more precocious and therefore reach sexual maturity earlier than the brown ones, since they present higher rates of body growth in less time, as well as deposition of body ash. Extending these events to bone growth, it is possible that the light birds, at a certain time of the growth curve, might show bones with higher levels of these constituents.
CONCLUSIONS
The increase in NDF level in ration for growing phase laying hens above 14.50% decreases the nutrient digestibility and the metabolizable energy of the diet; however, it does not affect the carcass composition, bone quality, feed intake, and weight gain, although it may impair feed conversion of light-strain pullets.
